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INTRODUCTION 


In  recent  years  Ildar  (Light  Detection  and  Ranging)  has  made  significant 
technical  and  theoretical  advances.  A  Ildar  no  longer  need  be  the  cumbersome 
and  fragile  set  of  lenses  and  electronics  that  It  was  at  Its  Inception.  A 
Ildar  may  now  be  small,  light,  rugged,  battery-operated,  simple  to  use,  and 
completely  self-contained.  Tedious  data  processing  and  external  inputs  are  no 
longer  needed  to  reduce  a  lidar  return  to  visibility.  Such  a  lidar  has  been 
developed  by  Atmospheric  Sciences  Laboratory  (ASL)  to  support  aircraft  land¬ 
ings,  optically  dependent  weapon  firings,  and  operations  where  the  atmospheric 
extinction  needs  to  be  remotely  measured.  Since  the  lidar  measures  visibility 
and  cloud  ceiling  height,  it  has  been  dubbed  a  visioceilometer.  This  paper 
describes  the  characteristics  of  the  XE-2  visioceilometer  shown  in  figure  la 
and  compares  its  measurements  to  more  conventional  visibility-measuring 
devices. 


VISIBILITY  DEFINITION 

Visibility  must  be  precisely  defined  before  a  measurement  of  visibility  is 
made.  Furthermore,  the  definition  must  be  constructed  in  such  a  way  that  what 
a  machine  measures  can  be  related  to  what  the  eye  sees.  Visibility  observed 
by  the  human  eye  is  a  very  complex  parameter  depending  on  may  factors  besides 
the  obscuring  medium.  For  example,  a  standard  airport  transmi s some ter  is  said 
to  measure  visibility,  but  it  actually  measures  transmission  between  two 
points.  Under  the  same  conditions  it  will  indicate  the  same  visibility  at  day 
or  night,  even  though  the  human  eye  might  define  the  visibility  quite  differ¬ 
ently.  Middleton1  has  defined  the  meteorological  range  or  visual  range  Vr  to 
be 


*  -ln(0.02l 


where  0.02  is  the  minimum  contrast  threshold  for  standard  target  detection 
with  the  human  eye,  and  a  is  the  volume  extinction  coefficient  which  may  be 
measured  by  machine. 

One  of  the  problems  with  using  equation  (1)  is  that  the  visibility  may  be  very 
different  than  that  predicted  by  the  equation.  For  example,  suppose  a  trans¬ 
mi  ssome  ter  makes  a  measurement  of  extinction  over  a  3  km  path  with  the 
receiver  immersed  in  100  m  of  a  fog  bank.  The  average  extinction  measured 
over  the  entire  path  may  predict  a  lower  visibility  than  the  distance  to  the 
fog  bank.  Equation  (1)  will  generally  be  in  error  if  the  turbid  medium  has 


Middleton,  W.  E.  K.,  1963,  Vision  Through  the  Atmosphere,  Toronto  Press, 
Toronto,  Canada. 
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significant  variations  In  extinction  along  the  path  In  which  Vr  Is  measured. 
A  better  definition  of  visibility  as  measured  by  an  Instrument  over  a  path 
length  having  a  variable  o  Is  given  by2 


irm 

3.912  ■/  o(r)dr  (2) 


where  Vrm  is  the  range  at  which  the  total  extinction  is  3.912,  corresponding 
to  a  contrast  threshold  of  0.02.  If  the  extinction  is  so  low  that  the  mea¬ 
surement  cannot  be  made  over  the  full  visual  range  Vr,  then  the  best  extrapo¬ 
lation  of  visibility  would  be  given  by  equation  (1). 

Equations  (1)  and  (2)  can  be  related  to  observer-defined  visibility  if  proper 
consideration  Is  made  of  the  ambient  lighting  conditions.  The  lidar  can 
return  the  value  of  o  measured  over  the  length  of  the  lidar  return,  so  visi¬ 
bility  as  measured  by  the  lidar  will  be  defined  as  In  equation  (1)  or  (2)  as 
appropriate  for  the  rest  of  this  discussion. 


VISIOCEILOMETER  DESCRIPTION 

The  vlslocellometer  Is  a  lidar  consisting  of  two  Interconnected  units  which 
operate  together  to  produce  a  measurement  of  visibility  or  cloud  celling 
height.  The  modified  rangefinder,  called  the  optical  unit  (0U),  was  built 
under  a  joint  development  effort  with  Night  Vision  and  Electro-Optics 
laboratory5  by  RCA  Corporation.  A  separate  transient  recorder  and  micro¬ 
processor  make  up  the  signal  processing  unit  (SPU),  engineered  and  developed 
through  contract  with  Lawrence  Livermore  Laboratory.  The  laser  source  and 
receiver  are  part  of  a  modified  AN/GVS-5  laser  rangefinder  currently  in  pro¬ 
duction  for  the  US  Armed  Forces. 

The  functional  diagram  of  the  vlslocellometer  Is  shown  In  figure  lb.  A  laser 
emits  a  single  1.06un  pulse  Into  a  very  narrow  beam,  and  the  atmosphere  scat¬ 
ters  the  light  back  into  the  receiver  optics  according  to  the  turbidity.  The 
received  flux  Is  detected  by  a  silicon  photoavalanche  detector,  and  the  signal 
Is  compressed  by  a  logarithmic  amplifier.  The  output  of  the  laser  Is  mon¬ 
itored  by  a  temperature-compensated  PIN  photodiode.  Both  the  monitor  pulse 
and  the  lidar  return  signal  are  sent  by  coaxial  cable  to  the  SPU,  where  they 
are  digitized  and  analyzed.  A  CMOS  microprocessor  analyzes  the  return  for 
visibility  or  cloud  celling  height,  according  to  the  switch  setting  on  the 


2Hermann,  H.,  et  al,  1974,  "Lidar  Measurements  of  Atmospheric  Visibility," 
Alta  Frequenza,  vol  9,  p  732. 

3Bonner,  Robert  $.,  and  William  J.  Lentz,  1979,  The  Vlslocellometer:  A 
Portable  Cloud  Height  and  Visibility  Indicator,  ASC-TR-oo4z,  Us  Amy  Atmo¬ 
spheric  sciences  Laboratory,  White  Sands  Missile  Range,  NM. 
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OU,  and  the  result  is  displayed  in  the  eyepiece  of  the  OU  under  microprocessor 
control.  The  microprocessor  turns  itself  off  after  each  calculation  to  con¬ 
serve  power  until  the  next  laser  monitor  pulse  starts  the  digitization  and 
analysis  process  again.  The  detailed  physical  and  optical  characteristics  of 
the  visioceilometer  are  listed  in  table  1. 

Visibility  or  cloud  ceiling  height  is  calculated  automatically,  and  the  result 
is  displayed  in  the  eyepiece  in  a  5-digit  numerical  display.  The  function  is 
indicated  by  an  LED  with  a  C-sh aped  mask  for  ceiling  or  V-shaped  mask  for 
visibility.  The  visibility  or  ceiling  result  is  displayed  in  the  eyepiece  for 
5  s  before  the  display  is  automatically  turned  off  to  conserve  power.  A 
refresh  button  may  be  pushed  to  redisplay  the  last  ceiling  or  visibility  value 
in  the  eyepiece  at  any  time  until  the  system  power  is  turned  off  or  the  laser 
is  fired  again. 

The  OU  has  a  two-position  laser  fire  switch,  a  standard  feature  of  the 
AN/GVS-5  laser  rangefinder.  When  the  switch  is  depressed  halfway,  the  laser 
flash  lamp  capacitor  charges  to  prepare  for  laser  firing.  The  laser  then 
fires  instantly  when  the  fire  button  is  depressed  completely.  This  feature  is 
used  to  conserve  power  in  the  SPU  by  turning  on  the  microprocessor  only  when 
the  fire  button  is  depressed  at  least  halfway.  When  the  fire  button  is  com¬ 
pletely  depressed,  the  transient  recorder  starts  clocking  to  get  ready  to 
digitize  when  a  laser  monitor  pulse  is  received.  Analysis  of  the  lidar  return 
only  occurs  when  a  laser  monitor  signal  within  the  range  0.75  V  +  0.25  V  is 
received.  This  limit  precludes  the  possibility  of  trying  to  analyze  lidar 
returns  produced  by  a  laser  operating  outside  of  normal  tolerance  limits. 

The  OU  and  SPU  run  on  separate  BB-516  batteries  housed  in  the  SPU.  These 
AN/GVS-5  24-V  rechargeable  NiCd  cells  (about  the  size  of  a  C  cell)  will  pro¬ 
vide  at  least  100  visibility  calculations  between  chargings.  The  LED  display 
will  indicate  a  low  battery  state  in  the  OU  eyepiece.  Since  it  contains  both 
batteries,  the  SPU  weighs  about  8  lb  whereas  the  OU  weighs  only  5  lb. 


TRANSIENT  RECORDER 

The  innovation  that  allows  an  inexpensive,  low  power  visioceilometer  to  be 
built  is  in  the  transient  recorder.  A  charge-coupled  device  (CCD)  was  chosen 
to  slow  down  the  wide  bandwidth  lidar  return  so  that  a  relatively  high  accu¬ 
racy,  low  power,  analog  to  digital  converter  (ADC)  could  digitize  the 
return.  The  CCD-based  transient  recorder  allows  the  23us  lidar  return  to  be 
converted  to  a  46  ms  pulse,  which  is  easier  to  digitize.  The  CCD  samples  the 
lidar  return  at  a  20-MHz  rate,  which  corresponds  to  a  sample  every  7.5  m  along 
the  lidar  beam  path.  A  total  of  455  samples  thus  corresponds  to  a  total 
sampled  return  of  3.3  km. 

The  digitized  lidar  return  is  processed  into  cloud  ceiling  height  or  visi¬ 
bility  by  an  RCA  1802  CMOS  microprocessor  and  an  arithmetic  processing  unit 
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(AMD  9511)  using  the  Klett4  method  of  analysis.  The  microprocessor  prepro¬ 
cesses  data  by  removing  baseline  shift,  nonlinearities,  CCD  errors,  and  laser 
output  variations.  The  arithmetic  processing  unit  does  32-bit  floating  point 
arithmetic  and  computes  functions,  such  as  the  logarithm,  in  a  mere  fraction 
of  the  time  that  the  CMOS  microprocessor  alone  would  take. 

The  laser  energy  monitor  pulse  is  used  to  correct  the  lidar  return  or  ampli¬ 
tude  variations  in  the  laser  output  and  to  start  the  digitization  process. 
Since  it  is  difficult  to  start  a  20-MHz  clock  synchronously  with  the  start 
pulse,  a  delay  line  is  used  to  measure  the  fixed  phase  shift  between  the  start 
pulse  and  the  clock  at  each  laser  shot.  The  stored  time  delay  is  used  in  the 
algorithm  to  more  accurately  remove  the  attenuation  due  to  range.  An  accept¬ 
able  error  of  0.75  m  or  5  ns  is  produced  in  this  manner  in  the  first  analyzed 
point  at  100  m,  but  the  error  of  7.5  m  or  50  ns  produced  without  the  stored 
delay  would  have  been  unacceptable. 

In  the  SPU,  an  internally  generated  ramp  pulse  is  fed  to  the  CCD  and  digitized 
as  soon  as  the  laser  charge  button  is  pressed.  The  resultant  digitized  values 
allow  one  to  correct  the  CCD  nonlinearities  and  to  check  the  transient 
recorder  for  proper  operation.  When  the  laser  return  has  been  digitized,  the 
transient  recorder  is  shut  off  to  save  power  while  the  microprocessor  calcu¬ 
lates  visibility  or  cloud  ceiling  height. 

The  SPU  also  has  a  programmable  serial  data  output  capability  so  that  the  raw 
digitized  lidar  return  may  be  more  extensively  analyzed  by  a  larger  computer 
if  more  than  the  visibility  is  desired  as  output.  When  an  external  plug  is 
connected  to  the  serial  output,  RS232  standard  format  serial  data  are  gener¬ 
ated  at  9600  Bd,  so  that  they  may  be  stored  and  analyzed  for  such  information 
as  extinction  vs  range.  When  the  external  plug  is  not  connected,  no  serial 
output  data  are  generated.  The  capability  of  providing  serial  data  in  a  stan¬ 
dard  format  allows  a  variety  of  types  of  information  to  be  communicated  to 
external  devices,  improving  the  versatility  of  the  visioceilometer. 


LIDAR  ANALYSIS 

A  significant  advance  recently  has  been  made  which  allows  the  conversion  of 
lidar  returns  to  extinction  as  a  function  of  range.  The  Klett  method  is  a  new 
analytical  solution  to  the  lidar  equation  which  lacks  the  instability  that  has 
plagued  approximate  methods.  Klett* s  method  allows  the  calculation  of  the 
extinction  efficiency  with  distance  no  matter  what  the  degree  of  inhomoge¬ 
neity,  as  long  as  Klett *s  assumptions  are  valid.  All  that  is  required  is  an 
estimate  of  the  extinction  at  the  furthest  point  of  the  lidar  return,  and  this 
can  be  determined  from  the  lidar  calibration  or  an  independent  device. 


v 


4K1ett,  James  D.,  1980,  On  the  Analytical  Inversion  of  Lidar  Returns  from  an 
Inhomogeneous  Atmosphere!  AsL-Cft-8u-00O§-3,  05  Army  Atmospheric  Sciences 
Laboratory,  White  Sands  Missile  Range,  NM. 
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The  Ildar  equation  representing  the  returned  flux  produced  by  a  pulsed  laser 
Is  given  by: 

r 

P(r)  =  P0c  Milltilll  exp[-2^* a(r’)dr'J  (3) 

where  P(r)  Is  the  flux  received  by  the  Ildar  as  a  function  of  time  or  range  r, 
PQ  is  the  transmitted  power  in  a  pulse  of  width  t,  A  is  the  effective  receiver 
area,  e(r)  is  the  volume  backscatter  coefficient  at  r,  F  includes  the  system 
sensitivity  and  geometric  crossover  efficiency,  and  o(r)  is  the  volume  extinc¬ 
tion  coefficient.  The  pulse  of  energy  from  the  laser  transmitter  is  atten¬ 
uated  by  the  extinction,  which  varies  with  range  until  it  reaches  a  point  r. 
The  volume  backscatter  coefficient  then  determines  the  fraction  of  energy 
which  is  scattered  back  into  the  receiver  from  the  point  r.  The  Klett4  solu¬ 
tion  is  derived  in  the  following  manner. 

Since  there  is  no  real  information  in  the  r2  term,  and  since  the  exponent  is 
an  inconvenient  complication,  the  term  S(r)  will  be  defined: 


S(r)  =  1n[r2P(r)] 


(4) 


It  has  been  shown  that  there  is  often  a  relationship  between  e(r)  and  a(r)  of 
the  form:4 


e(r)  =  Cak(r) 


(5) 


By  taking  the  derivative  of  $(r)  and  using  the  lidar  equation  and  equation  (5), 
one  has : 


dS  =  k  do 
cF  ~  a  ~Sr 


2o 


(6) 


The  solution  to  an  equation  of  this  form  is  well-known,  and  a  new  stable  form¬ 
ulation  has  been  derived  by  Klett: 


<x(r) 


|exp  (S  -  Sm)/k 


5m 


V1  +  2/k  r  exp 


l 


(S  -  Sm)/k]dr' 


(7) 


4Klett,  James  0.,  1980,  On  the  Analytical  Inversion  of  Lidar  Returns  from  an 
Inhomogeneous  Atmosphere^  ASL-CK-B0-UU08-3,  OS  Army  Atmospheric  Sciences 
Laboratory,  Whi te  Sands  Missile  Range,  NM. 
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Where  rm  >  r  is  the  new  calibration  point,  =  S(rm),  and  am  =  a(rm).  This 
solution  is  easily  computed  from  ihe  known  values  of  P(r),  with  k  deduced  from 
theoretical  calculations  or  experimental  measurements  and  <j  derived  by  other 
means. 


LOW  VISIBILITY  CASE 

One  unexpected  feature  of  the  Klett  solution  is  that  for  moderately  low  visi¬ 
bility  the  solution  is  not  dependent  on  the  estimate  for  0m.4  In  fact  it 
converges  to  the  correct  value  in  just  a  short  distance  from  rffl.  Previous 
solutions  were  either  unstable  or  so  approximate  as  to  be  unstable  in  many 
interesting  cases.  The  convergence  can  be  seen  in  figure  2,  which  shows  the 
same  lidar  return  analyzed  by  the  Klett  solution  using  different  estimates  of 
am.  In  a  relatively  short  distance,  beginning  at  rm  and  working  back  to  rQ, 
the  true  solution  is  deduced  from  nothing  more  than  the  shape  of  the  lidar 
return.  In  the  particular  example  chosen  In  figure  2,  the  extinction  was 
constant  with  range,  but  the  convergence  to  the  correct  answer  occurs  regard¬ 
less  of  the  shape  of  the  true  extinction  as  a  function  of  range.  This  behav¬ 
ior  is  explained  by  the  fact  that  as  the  difference  between  r  and  rm  grows, 
the  integral  in  the  denominator  of  equation  (7)  grows.  The  integral  will 
eventually  grow  to  the  point  that  the  value  of  om  is  relatively  unimportant 
and  nearly  any  reasonable  value  can  be  used  as  a  boundary  value. 


HIGH  VISIBILITY  CASE 

The  convergence  of  the  Klett  solution  is  very  slow  for  high  visibilities,  so  a 
new  method  of  estimating  the  boundary  value  must  be  used.  The  simplest  method 
is  to  relate  the  magnitude  of  Sir)  as  well  as  its  shape  to  the  solution 
a(r).  Let  us  consider  the  measured  lidar  return: 


ln[P{r)]  =  ln(K)  +  1 n( C)  +  ln[a(r)]  -  2  ln(r)  -  2a  r  (8) 


where  B ( r )  *  Ca(r)  and  k  =  1.  K  is,  for  simplicity,  an  aggregate  of  all  of 
the  system  constants  which  can  be  measured  or  calculated.  The  last  term  is: 

r 

o  r  =  f a(r ' )dr'  (9) 

•TO 
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Neglecting  the  constants  in  equation  (8),  one  has  a  new  equation: 


Z(r)  =  ln[o(r}]  -  2  ln(r)  -  2o  r 


(10) 


For  ranges  beyond  the  crossover  range  of  the  receiver  and  transmitter  fields 
of  view,  the  system  constant  K  is  unchanging.  The  ratio  6/a  may  change  as  the 
atmosphere  changes,  producing  a  varying  C.  This  variation  does  not  produce  a 
serious  error,  since  a  change  in  C  is  reduced  in  magnitude  by  the  in  func¬ 
tion.  For  example  a  factor  change  of  5  in  C  produces  a  factor  change  of  only 
1.61  in  ln(C).  Moreover,  the  ln(K)  is  usually  larger  than  ln(C),  further 
reducing  the  resultant  error.  In  lieu  of  theoretical  calculations,  it  will  be 
assumed  that  C  is  constant  for  fogs.  It  should  be  remembered  that  the  con¬ 
stant  C  is  only  used  for  high  visibilities  when  the  self-convergence  of  the 
Klett4  solution  is  not  adequate. 

The  correct  boundary  value  may  be  chosen  to  produce  an  accurate  extinction 
curve  by  measuring  the  simultaneous  lidar  return  and  transmission  at  1.06ym 
and  applying  the  Klett  method.  The  difference  between  equations  (8)  and  (10) 
gives  the  unknown  constants  which  allow  measurements  to  be  made  independent  of 
the  transmissometer.  Once  the  constants  are  known,  all  experimental  returns 
may  be  reduced  to  equation  (10)  and  compared  to  the  form  produced  by  the  Klett 
solution.  When  the  experimental  curve  matches  the  solution  curve,  the  correct 
boundary  value  has  been  identified. 

Let  us  consider  the  set  of  curves  in  figure  3.  The  three  curves  correspond  to 
equation  (4)  for  three  boundary  values  used  in  the  Klett  solution.  If  the 
boundary  value  is  too  large,  the  curve  will  lie  above  the  measured  curve  at 
every  point,  and  if  am  is  too  small,  the  theoretical  curve  produced  by  the 
Klett  formula  will  lie  below  the  measured  curve  at  every  point.  Inasmuch  as 
these  values  may  be  positive  or  negative,  corresponding  to  the  magnitude  of 
ln[P(r)],  it  is  convenient  to  normalize  the  curves  to  a  common  point,  as  in 
figures  4  and  5,  to  reduce  the  magnitude  of  the  variation  due  to  different 
boundary  values.  A  simple  Newton's  method  iteration  may  then  be  applied  to 
allow  rapid  convergence  to  the  correct  boundary  value. 

A  comparison  between  the  curves  at  only  one  point  would  not  be  desirable 
because  the  lidar  return  contains  noise  as  well  as  valid  signals,  and  there  is 
no  easy  way  to  know  just  how  large  the  error  is  at  only  one  point.  A  better 
approach  is  to  sum  the  S(r)  values  and  the  Z(r)  values  over  the  same  inter¬ 
val.  The  average  thus  produced  is  much  more  stable  than  just  one  point,  and 
the  average  may  be  used  in  a  Newton's  method  iteration  to  produce  a  very 
accurate  boundary  value  estimate.  The  resulting  o(r)  produced  by  the  Klett 
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method  may  vary  several  orders  of  magnitude  along  r  and  still  be  accurate  at 
every  point.  Specifically,  the  next  boundary  value  Iteration  Is  given  by: 


02  =  01  -  f(oi )/f ' ( ox ) 


where 


f(°l>  ■  I,Sm  -  St> 
and 


f'Ui) 


ESt(o! )  -  ES^( o0 ) 
Ol  -  o0 


and  St  is  the  theoretical  S(r), 
and  Sjj,  is  the  measured  S(r). 

For  high  visibilities,  the  magnitude  of  o  is  much  smaller  than  the  magnitude 
of  ln[o(r)].  Therefore,  the  boundary  value  estimates  and  the  o  curves  agree 
to  a  high  degree  of  accuracy.  For  the  case  of  low  visibilities  In  which  the 
last  term  In  equation  (8)  cannot  be  neglected,  the  self-convergence  of  the 
Klett1*  solution  eliminates  the  need  for  the  Newton's  boundary  value  estimate. 

Most  real  lidars  do  not  see  returns  from  the  exit  of  the  laser  to  the  limit  of 
detectable  signal.  There  is  a  short  region  of  optical  crossover  or  defocus 
which  prevents  data  from  being  used  for  about  100  m.  If  the  neglected  data 
cause  significant  error,  the  method  will  not  be  reliable  for  large  changes  in 
a.  Consider  the  two  a  curves  in  figure  6,  produced  from  measured  lidar  data 
using  the  previously  described  Klett  solution  and  area  method  for  a  boundary 
value.  The  two  curves  are  extinction  vs  range  produced  from  two  analyses  of 
the  same  lidar  return.  Although  one  curve  begins  at  point  15  and  the  other  at 
point  20,  the  curves  match,  indicating  a  lack  of  sensitivity  to  the  neglected 
points.  This  is  both  a  necessary  and  fortunate  result,  because  it  is 
extremely  difficult  to  design  a  lidar  that  is  weatherproof  and  receives  all  of 
the  light  scattered  in  the  near  field  without  losing  light  in  the  far  field. 

It  would  not  have  been  possible  to  calculate  identical  curves  in  figure  6 
without  the  Klett  method,  because  a  large  haze  peak  was  virtually  centered  on 
the  lidar.  The  air  became  clearer  as  the  pulse  moved  away  from  the  lidar. 
The  slope  method  would  have  produced  an  effective  visibility  of  much  less  than 
1  km,  but  no  visible  obscurant  could  be  seen.  The  average  visibility  during 
this  period  was  about  26  km,  as  measured  by  a  long-path  transmi ssometer. 
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We  now  have  a  general  method  of  determining  o(r)  over  the  range  of  the  Ildar 
return  In  high  and  low  visibilities.  It  makes  use  of  the  absolute  value  of 
the  signal,  which  Is  not  normally  used  In  Klett's  equation  (7).  By  comparing 
the  measured  ln[P(r)]  to  the  Z(r)  calculated  from  the  o(r)  produced  by  the 
Klett  solution,  the  Klett  method  may  be  reapplied  several  times  to  produce 
o(r)  as  accurately  as  the  system  constants  and  lidar  returns  are  known.  C  and 
k  values  may  be  measured  independently  or  obtained  from  theoretical  studies. 


EXPERIMENTAL  RESULTS 

ASL  recently  conducted  a  field  test  in  Meppen,  Germany,  where  opportunities 
existed  to  test  the  lidar  theory  against  extinction  measurements  made  by 
balloon-borne  particle  counters.  Figures  7  and  8  show  the  extinction  obtained 
by  firing  the  visioceilometer  vertically  into  fogs  or  low  clouds  at  the  Meppen 
experiment,  which  ASL  conducted  from  October  to  December  of  1980.  Balloon- 
borne  particle  counters  were  used  to  calculate  the  extinction  at  1.06um,  as  a 
function  of  altitude.  These  values  generally  agreed  to  within  a  factor  of  two 
with  the  values  produced  by  the  visioceilometer.  Furthermore,  the  visioceilo¬ 
meter  extinction  curves  show  much  more  structure  than  the  balloon  counters, 
because  the  lidar  is  virtually  instantaneous.  The  agreement  is  rather  good, 
especially  when  one  considers  that  the  lidar  was  not  pointing  exactly  at  the 
balloon  because  the  balloon  could  not  be  seen. 

The  data  shown  in  figures  7  and  8  were  recorded  with  the  lidar  pointing  ver¬ 
tically  into  fog  or  clouds  of  increasing  density.  In  some  cases  the  lidar 
penetrated  one  layer  of  obscurant  and  returned  information  about  a  second 
layer.  Since  the  extinction  values  were  extremely  high,  it  was  not  possible 
to  tell  whether  the  lidar  penetrated  the  second  layer  into  clear  air.  It  is 
more  likely,  however,  that  the  lidar  simply  ran  out  of  energy,  and  the  last 
four  sample  points  should  therefore  not  be  regarded  very  seriously. 


APPLICATIONS  OF  THE  VISIOCEILOMETER 

The  visioceilometer  has  immediate  tactical  use  as  a  slant  path  visual  range 
indicator  at  remote  airfields  where  visibility  and  cloud  ceiling  height  are 
required  but  where  conventional  instruments  are  too  inconvenient.  Indeed,  the 
visioceilometer  may  be  the  only  portable  instrument  which  can  directly  measure 
slant  visual  range  along  the  glide  path  of  the  aircraft.  Since  the  visio¬ 
ceilometer  is  completely  automatic  and  records  visibility  even  when  there  are 
no  reference  objects  in  sight,  a  reliable,  repeatable  measurement  may  be  made 
by  an  untrained  observer.  These  measurements  could  be  made  at  Army  Division 
Artillery  meteorological  sections  in  lieu  of  visual  observations  and  ceiling 
balloons,  particularly  at  night  when  such  measurments  are  difficult. 

Naval  shipboard  uses  include  visibility,  which  is  especially  difficult  to 
measure  at  sea  because  of  the  lack  of  reference  visibility  objects.  The 
visioceilometer  can  be  programmed  to  neglect  the  ship-generated  effluent  plume 
which  makes  shipboard  transmissometers  difficult  to  use.  A  vertical  measure¬ 
ment  of  visibility  may  be  made  to  determine  whether  the  ship  is  visible  from 
above  by  aircraft.  Regular  use  of  the  visioceilometer  would  provide  a  general 
marine-visibility  data  base,  which  would  be  of  tactical  use  in  planning  ship 
deployment. 
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Guided  munitions  such  as  Copperhead  rely  on  optical  sensors  to  locate  and 
destroy  a  target.  The  visioceilometer  could  be  used  to  measure  the  visibility 
in  the  target  area  so  that  rounds  would  not  be  expended  uselessly.  A  related 
nontactical  use  would  be  to  characterize  the  atmosphere  when  test  firings  are 
made  of  optically  guided  rounds,  so  that  better  performance  assessments  could 
be  made. 

The  visioceilometer  could  also  be  used  as  a  general  research  tool  in  lieu  of 
more  difficult  and  far  more  expensive  balloon-borne  particle  counter  measure¬ 
ments.  With  external  RS232  devices,  data  for  computation  of  extinction  vs 
range  can  be  stored  and  analyzed  later  for  detailed  characterization  of  the 
atmosphere. 

The  visioceilometer  would  allow  measurement  of  smokestack  plume  opacity  even 
though  the  laser  might  not  penetrate  the  plume  with  sufficient  energy  to 
produce  a  return  from  the  clear  air  on  the  distant  side.  The  Klett4  method 
works  especially  well  in  high  opacity  cases  because  the  boundary  value  selec¬ 
tion  is  self-converging.  It  offers  the  advantage  of  measuring  opacity  at 
night,  when  there  is  a  temptation  to  produce  dense  plumes  because  of  the 
difficulty  of  making  nighttime  observations.  Although  the  visioceilometer 
might  not  measure  the  transmission  completely  through  the  plume,  it  would  set 
a  lower  bound  on  the  opacity,  which  would  encompass  several  decades  of  atten¬ 
uation. 

The  visioceilometer  could  also  be  integrated  into  the  meteorological  sensor 
system  of  the  Remote  Automatic  Weather  Set  (RAWS)  or  AN/TMQ-30  to  provide 
visibility  and  cloud  ceiling  height  information.  In  this  application,  sensors 
would  be  placed  in  forward  areas  of  the  battlefield  by  a  ground  sensor  pla¬ 
toon.  These  unattended  weather  stations  would  transmit  data  automatically  by 
a  radio  link  to  a  master  station,  which  would  collect  data  from  a  number  of 
RAWS  units.  The  self-contained  feature  of  the  visioceilometer  data  analysis 
would  lend  itself  readily  to  the  incorporation  of  the  visioceilometer  in  a 
variety  of  devices  such  as  the  RAWS. 
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TABLE  1.  VISIOCEILOMETER  CHARACTERISTICS 


Bean  divergence 

1 .0  mrad 

Receiver  field  of  view 

3.0  mrad 

Laser  energy 

13  mO  average  at  1.06  m 

Pulse  half -width 

6  ns 

Receiver  aperture 

50  mm 

Laser  exit  diameter 

16  mm 

Optics  axis  separation 

50  mm 

Full  crossover  range 

80  m 

Log  A  slope 

10  mV/dB 

Log  A  zero 

80yV 

Detector  noise  level 

2  x  10‘10W 

Laser  monitor  output 

0.75  V  i  0.25  V 

Sample  rate 

20  MHz 

A/D  converter 

10  bits  In  2us 

Sample  device 

455  sample  Dual  Channel  CCD 
Fairchild  #CCD  321 

Weight 

5  lb  0U 

8  lb  SPU 

Size 

6  x  2  x  6  In.  0U 

6  x  4  x  6  In.  SPU 

Power 

Two  24-V  NiCd  batteries 

Number  of  shots 

100  minimum 

Operating  temperature 

-5°  to  60°C  (prototype) 

Sample  range 

3.3  km 
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Extinction  vs  Range 


Figure  2. 


Figure  3. 


RANGE  IN  METERS  *7.5 

Extinction  vs  range  for  various  boundary  value  estimates. 

Log  Return  vs  Range 


Theoretical  lidar  returns  for  various  boundary  value  estimates. 
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Log  Return  vs  Range 


Figure  4. 


Normalized  theoretical  lidar  returns. 

Log  Return  vs.  Range 


Figure  5.  Experimental  lidar  returns  for  various  boundary  value  estimates 


Extinction  vs  Range 


Figure  6. 


Figure  7. 


Extinction  vs  range  for  various  near  field  starting  points 


TIME  (  MICROSECONDS ) 

TOG  EXTINCTION  COEFFICIENT  AS  A  FUNCTION  OF  RANGE 
27  NOV  I960 

Single-shot  vi si ocei lometer  extinction  vs  range  for  fog  in 
Meppen,  Germany. 
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Fort  Gordon,  GA  30905 

Commander 

US  Amy  Signal  Center  &  Fort  Gordon 

ATTN:  ATZHCD-0 

Fort  Gordon,  GA  30905 

USAFETAC/DNE 

ATTN:  M*\  Charles  Glauber 
Scott  AFB,  IL  62225 

Commander 

Air  Weather  Service 

ATTN:  AWS/DNDP  (LTC  Kit  G.  Cottrell) 

Scott  AFB,  IL  62225 

Commander 

Air  Weather  Service 

ATTN:  AWS/DOOF  (MA3  Robert  Wright) 

Scott  AFB,  IL  62225 

Commander 

US  Amy  Combined  Arms  Center 
A  Ft.  Leavenworth 

ATTN:  ATZLCA-CAA-Q  (Mr.  H.  Kent  Pickett) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Combined  Arms  Center 
4  Ft.  Leavenworth 

ATTN:  ATZLCA-SAN  (Robert  DeKInder,  Jr.) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Combined  Arms  Center 
i  Ft.  Leavenworth 

ATTN:  ATZLCA-SAN  (Mr.  Kent  I.  Johnson) 
Fort  Leavenworth,  KS  66027 

Commander 

US  Army  Combined  Arms  Center 
&  Ft.  Leavenworth 

ATTN:  ATZLCA-WE  (LTC  Darrell  Holland) 
Fort  Leavenworth,  KS  66027 

President 

USAARENBD 

ATTN:  ATZK-AE-TA  (Dr.  Charles  R.  Leake) 
Fort  Knox,  KY  40121 
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Commander 

US  Array  Arraor  Center  and  Fort  Knox 
ATTN:  ATZK-CD-MS 
Fort  Knox,  KY  40121 

Commander 

US  Army  Armor  Center  and  Fort  Knox 
ATTN:  ATZK-CO-SD 
Fort  Knox,  KY  40121 

Aerodyne  Research  Inc. 

ATTN:  Dr.  John  F.  Ebersole 
Crosby  Drive 
Bedford,  MA  01730 

Commander 

Air  Force  Geophysics  Laboratory 
ATTN:  OPA  (Dr.  Robert  W.  Fenn) 

Hanscom  AFB,  MA  01731 

Commander 

Air  Force  Geophysics  Laboratory 
ATTN:  OPI  (Dr.  Robert  A.  McClatchey) 
Hanscom  AFB,  MA  01731 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

ATTN:  Dr.  T.  J.  Gobllck,  B-370 

P.0.  Box  73 

Lexington,  MA  02173 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

ATTN:  Dr.  Michael  Gruber 

P.0.  Box  73 

Lexington,  MA  02173 

Raytheon  Company 

Equipment  Division 

ATTN:  Dr.  Charles  M.  Sonnenscheln 

430  Boston  Post  Road 

Wayland,  MA  01778 

Commander 

US  Array  Ballistic  Research  Laboratory/ 
ARRADCOM 

ATTN:  DRDAR-BLB  (Mr.  Richard  McGee) 
Aberdeen  Proving  Ground,  M)  21005 


Coramander/Di rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
&  Development  Command 
ATTN:  DRDAR-CLB-PS  (Dr.  Edward  Stueblng) 
Aberdeen  Proving  Ground,  MD  21010 

Commander/Di  rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-CLB-PS  (Mr.  Joseph  Yervler) 
Aberdeen  Proving  Ground,  MD  21010 

Commander/Di  rector 
Chemical  Systems  Laboratory 
US  Army  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-CLY-A  (Mr.  Ronnald  Pennsyle) 
Aberdeen  Proving  Ground,  MD  21010 

Commander 

US  Army  Ballistic  Research  Laboratory/ 
ARRADCOM 

ATTN :  DRDAR-TSB-S  (STINFO) 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Electronics  Research 
&  Development  Command 
ATTN:  DRDEL-CCM  (W.  H.  Pepper) 

Adel  phi,  MD  20783 

Commander 

US  Army  Electronics  Research 
&  Development  Command 
ATTN:  DRDEL-CG/DRDEL-DC/DRDEL-CS 
2800  Powder  Mill  Road 
Adel phi,  If)  20783 

Comnander 

US  Amy  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-CT 
2800  Powder  Mill  Road 
Adel phi.  If)  20783 

Commander 

US  Array  Electronics  Research 
A  Development  Command 
ATTN:  DRDEL-PAO  (M.  Singleton) 

2800  Powder  Mill  Road 
Adel phi,  K)  20783 


Project  Manager 
Smoke/Obscurants 
ATTN:  OROPM-SMK 

(Or.  Anthony  Van  de  Wal,  Jr.) 
Aberdeen  Proving  Ground,  W)  21005 

Project  Manager 
Smoke/Obscurants 

ATTN:  DRDPM-SMK-T  (Mr.  Sidney  Gerard) 
Aberdeen  Proving  Ground,  MO  21005 

Commander 

US  Army  Test  &  Evaluation  Command 
ATTN:  DRSTE-AD-M  (Mr.  Warren  M.  Baity) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Army  Test  *  Evaluation  Command 
ATTN:  DRSTE-AD-M  (Dr.  Norman  E.  Pentz) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-AAM  (Mr.  William  Smith) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-CS  (Mr.  Philip  H.  Beavers) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GB  (Wilbur  L.  Warfield) 
Aberdeen  Proving  Ground,  MD  21005 

Director 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GP  (Mr.  Fred  Campbell) 

Aberdeen  Proving  Ground,  W)  21005 

D1 rector 

US  Army  Material  Systems  Analysis  Activity 
ATTN:  DRXSY-GP  (H.  Stamper) 

Aberdeen  Proving  Grounds,  MD  21005 

D1 rector 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-GS 

(Mr.  Michael  Starks/Mr.  Julian  Che'rnlck) 
Aberdeen  Proving  Ground,  MD  21005 


D1 rector 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-J  (Mr  James  F.  O'Bryon) 
Aberdeen  Proving  Ground,  MD  21005 

D1 rector 

US  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-LM  (Mr.  Robert  M.  Marchettl) 
Aberdeen  Proving  Ground,  MD  21005 

Commander 

Harry  Diamond  Laboratories 
ATTN:  Dr.  William  W.  Carter 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM  (Mr.  Robert  McCoskey) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Robert  Humphrey) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Z.  G.  Sztankay) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Joseph  Nemarlch) 
2800  Powder  Mill  Road 
Adel  phi,  MD  20783 

Commander 

Air  Force  Systems  Command 

ATTN:  WER  (Mr.  Richard  F.  Plcanso) 

Andrews  AFB,  MD  20334 

Martin  Marietta  Laboratories 
ATTN:  Jar  Mo  Chen 
1450  South  Rolling  Road 
Baltimore,  MD  21227 
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Commander 

US  Amy  Concepts  Analysis  Agency 
ATTN:  CSCA-SMC  (Mr.  Hal  E.  Hock) 

8120  Woodmont  Avenue 
Bethesda,  MO  20014 

Director 

National  Security  Agency 
ATTN:  R52/Dr.  Douglas  Woods 
Fort  George  G.  Meade,  MD  20755 

Chief 

Intelligence  Materiel  Development 
A  Support  Office 

US  Army  Electronic  Warfare  Laboratory 
ATTN:  DELEW- I  (LTC  Kenneth  E.  Thomas) 
Fort  George  G.  Meade,  MD  20755 

The  Johns  Hopkins  University 
Applied  Physics  Laboratory 
ATTN:  Dr.  Michael  J.  Lun 
John  Hopkins  Road 
Laurel  1,  MD  20810 

Dr.  Stephen  T.  Hanley 
1720  Rhodesia  Avenue 
Oxon  Hill,  MD  20022 

Science  Applications  Inc. 

ATTN:  Mr.  G.  D.  Currie 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Science  Applications  Inc. 

ATTN:  Dr.  Robert  E.  Turner 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Commander 

US  Army  Tank -Automotive  Research 
A  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Harry  Young) 
Warren,  MI  48090 

Commander 

US  Army  Tank  Automotive  Research 
A  Development  Command 
ATTN:  DRDTA-ZSC  (Mr.  Wallace  Mick,  Jr.) 
Warren,  MI  48090 


Dr.  A.  D.  Belmont 
Research  01  vision 
Control  Data  Corporation 
P.0.  Box  1249 
Minneapolis,  MN  55440 

D1 rector 

US  Army  Engr  Waterways  Experiment  Station 
ATTN:  WESEN  (Mr.  James  Mason) 

P.0.  Box  631 
Vicksburg,  MS  39180 

Dr.  Jerry  Davis 
Department  of  Marine,  Earth 
and  Atmospheric  Sciences 
North  Carolina  State  University 
Raleigh,  NC  27650 

Commander 

US  Army  Research  Office 
ATTN:  DRXRO-GS  (Dr.  Leo  Alpert) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Army  Research  Office 
ATTN:  DRXRO-PP  (Brenda  Mann) 

P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 
Commander 

US  Army  Cold  Regions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RD  (Dr.  K.  F.  Sterrett) 
Hanover,  NH  03755 

Commander/Di  rector 
US  Amy  Cold  Regions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  George  Altken) 
Hanover,  NH  03755 

Commander 

US  Amy  Cold  Regions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  Roger  H.  Berger) 
Hanover,  NH  03755 

Commander 

US  Amy  Armament  Research 
A  Development  Command 
ATTN:  DRDAR-AC  (Mr.  James  Greenfield) 
Dover,  NJ  07801 
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Commander 

US  Ariny  Armament  Research 
&  Development  Command 
ATTN:  DRDAR-TSS  (Bldg  #59) 

Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
&  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  Peteris  Jansons) 
Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
4  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  6.  H.  Waldron) 
Dover,  NJ  07801 

Deputy  Joint  Project  Manager 
for  Navy/USMC  SAL  GP 

ATTN:  DRCPM-CAWS-NV  (CPT  Joseph  Mlceli) 
Dover,  NJ  07801 


Commander 

US  Army  Electronics  Research 
&  Development  Command 
ATTN:  DRDEL-SA  (Dr.  Walter  S.  McAfee) 
Fort  Monmouth,  NJ  07703 

OLA,  2WS  (MAC) 

Holloman  AFB,  NM  88330 
Commander 

Air  Force  Weapons  Laboratory 
ATTN:  AFWL/WE  (MAI  John  R.  El  rick) 
Kirtland,  AFB,  NM  87117 

Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002 
Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Dolores  Anguiano) 
White  Sands  Missile  Range,  NM  88002 


Commander/Di  rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-I  (Mr.  David  Longinottl) 
Fort  Monmouth,  NJ  07703 

Commander/Di  rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-PE  (Mr.  Ben  A.  Di  Campll) 
Fort  Monmouth,  NJ  07703 

Commander/O i rector 

US  Army  Combat  Surveillance  4  Target 
Acquisition  Laboratory 
ATTN:  DELCS-R-S  (Mr.  Donald  L.  Folani) 
Fort  Monmouth,  NJ  07703 

Director 

US  Army  Electronics  Technology  4 
Devices  Laboratory 
ATTN:  DELET-DD  (S.  Danko) 

Fort  Monmouth,  NJ  07703 

Project  Manager 
FIREFINDER/REMBASS 

ATTN:  DRCPM-FFR-TM  (Mr.  John  M.  Blal'o) 
Fort  Monmouth,  NJ  07703 


Director 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  Louie  Dominguez) 
White  Sands  Missile  Range,  NM  88002 

Di rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TDB  (Mr.  William  J.  Leach) 
White  Sands  Missile  Range,  NM  88002 

Di rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-TGP  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Range,  NM  88002 

Director 

Office  of  Missile  Electronic  Warfare 
ATTN:  DELEW-M-STO  (Dr.  Steven  Kovel) 
White  Sands  Missile  Range,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test  Program 
ATTN:  DRXDE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Anqy  White  Sands  Missile  Range 
ATTN:  S7EWS-PT-AL  (Laurel  B.  Saunders) 
White  Sands  Missile  Range,  NM  88002 


Commander 

US  Army  RAD  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APO  New  York  09080 

Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 

Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  (Bette  Smith) 

Griffiss  AFB,  NY  13441 

Dr.  Roberto  Vaglio-Laurln 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
26-36  Stuyvesant  Street 
New  York,  NY  10003 

Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher) 
Wright-Patterson  AFB,  OH  45433 

Air  Force  Wright  Aeronautical  laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wright-Patterson  AFB,  OH  45433 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(CDR  Jeffrey  G.  Carlen) 

Fort  Sill,  OK  73503 


Commandant 

US  Amy  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 

The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Plerluissl 
El  Paso,  TX  79968 

Commandant 

US  Amy  Air  Defense  School 

ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 

Fort  Bliss,  TX  79916 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-OP-Q  {CPT  Henry  C.  Cobb,  Jr.) 
Fort  Hood,  TX  76544 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-SCI  (Dr.  Darrell  W.  Collier) 
Fort  Hood,  TX  76544 

Commander 

US  Army  Dugway  Proving  Ground 
ATTN:  STEDP-MT-DA-L 
Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-M  (Mr.  Paul  E.  Carlson) 

Dugway,  UT  84022 

Commander 

US  Amy  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  John  Trethewey) 

Dugway ,  UT  84022 

Commander 

US  Amy  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  William  Peterson) 

Dugway,  UT  84022 
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Defense  Documentation  Center 
ATTN:  DDC-TCA 
Cameron  Station  Bldg  5 
Alexandria,  VA  22314 
12 

Ballistic  Missile  Defense  Program  Office 
ATTN:  OACS-BMT  (Colonel  Harry  F.  Ennis) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Technical  Information  Center 
ATTN:  DDA-2  (Mr,  James  E.  Shafer) 
Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 

Commander 

!JS  Army  Materiel  Development 
4  Readiness  Command 

ATTN:  DRCBSI-EE  (Mr.  Albert  Giambalvo) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Materiel  Development 
&  Readiness  Command 
ATTN:  DRCLDC  (Mr.  James  Bender) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Steve  Zakanyez 
1400  Wilson  Blvd 
Arlington,  VA  22209 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Dr.  James  Tegnelia 
1400  Wilson  Blvd 
Arlington,  VA  22209 

Institute  for  Defense  Analyses 
ATTN:  Mr.  Lucien  M.  Biberman 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  for  Defense  Analyses 
ATTN:  Dr.  Ernest  Bauer 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  for  Defense  Analyses 
ATTN:  Dr.  Hans  G.  Wolfhard 
400  Army-Navy  Drive 
Arlington,  VA  22202 


System  Planning  Corporation 
ATTN:  Mr.  Daniel  criedman 
1500  Wilson  Boulevard 
Arlington,  VA  22209 

System  Planning  Corporation 
ATTN:  COL  Hank  Shelton 
1500  Wilson  Boulevard 
Arlington,  VA  22209 

US  Army  Intelligence  A  Security  Command 
ATTN:  Edwin  Speakman,  Scientific  Advisor 
Arlington  Hall  Station 
Arlington,  V A  22212 

Commander 

US  Army  Operational  Test 
&  Evaluation  Agency 
ATTN:  CSTE-ED  (Mr.  Floyd  I.  Hill) 

5600  Columbia  Pike 
Falls  Church,  VA  22041 

Commander  and  Director 
US  Army  Engineer  Topographic  Laboratories 
ATTN:  ETL-GS-A  (Mr.  Thomas  Neidringhaus) 
Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  & 

Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Rudolf  G.  Buser) 

Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  4 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Robert  S.  Rodhe) 

Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  4 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Joseph  R.  Moulton) 
Fort  Bel  voir,  VA  22060 

Director 

US  Amy  Night  Vision  4 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Luanne  P.  Obert) 

Fort  Bel  voir,  VA  22060 


Director 

US  Army  Night  Vision 
4  Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Thomas  M.  Cassidy) 
Fort  Bel  voir,  VA  22060 

Director 

US  Army  Night  Vision  4 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Richard  J.  Bergemann) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  & 

Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Dr.  James  A.  Ratches) 

Fort  3elvoir,  VA  22060 

Commander 

US  Army  Training  4  Doctrine  Command 

ATTN:  ATCD-AN 

Fort  Monroe,  VA  23651 

Commander 

!JS  Army  Training  4  Doctrine  Command 

ATTN:  ATCD-AN-M 

Fort  Monroe,  VA  23651 

Commander 

IJS  Army  Training  4  Doctrine  Command 
ATTN:  ATCD-F-A  (Mr.  Chris  O'Connor,  Jr.) 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  4  Doctrine  Command 
ATTN:  ATCD-IE-R  (Mr.  David  M.  Ingram) 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  4  Doctrine  Command 
ATTN:  ATCD-M-I/ATCD-M-A 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Training  4  Doctrine  Command 
ATTN:  ATD0C-TA  (Dr.  Marvin  P.  Pastel) 

Fort  Monroe,  VA  23651 

Department  of  the  Air  Force 
0L-I ,  AWS 

Fort  Monroe,  VA  23651 


Department  of  the  Air  Force 
HQS  5  Weather  Wing  (MAC) 

ATTN:  5  WW/DN 

Langley  Air  Force  Base,  VA  23655 
Commander 

US  Army  INSCOM/Quest  Research  Corporation 
ATTN:  Mr.  Donald  Wilmot 
6845  Elm  Street,  Suite  407 
McLean,  VA  22101 

General  Research  Corporation 
ATTN:  Dr.  Ralph  Zirkind 
7655  Old  Springhouse  Road 
McLean,  VA  22102 

Science  Applications,  Inc. 

8400  Westpark  Drive 
ATTN:  Dr.  John  E.  Cockayne 
McLean,  VA  22102 

US  Army  Nuclear  4  Chemical  Agency 
ATTN:  MONA-WE  (Dr.  John  A.  Berberet) 

7500  Backlick  Road,  Bldg  2073 
Springfield,  VA  22150 

Director 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-EA  (Mr.  Douglas  Harkleroad) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Di rector 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-OS  (Dr.  Royal  H.  Burkhardt) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Commander 

US  Army  Cold  Regions  Test  Center 
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